INTRODUCTION
The accuracy of predicted breeding values is commonly assessed by the so-called coefficient of determination (CD) Precision depends mainly on: i) the amount of information, ie the number of observations that can be related to an animal; and ii) the structure of the design:
an unbalanced design leads to less precise predictors than a balanced one.
The same goes for precision investigation, which can be done in 2 different ways:
studying the structure of the design, and especially the genetic ties between environmental factor levels and the problem of disconnectedness in genetic effects.
However, as explained in detail by Foulley et al (1990, 1992) (Henderson, 1984) (Kullback, 1968; . This measure was introduced in animal breeding theory by Foulley et al (1990, 1992) , in order to derive the so-called degree of disconnectedness.
Kullback information
The Kullback information (Kullback, 1968; can be used to measure the discrepancy between 2 continuous probability distributions p and q, noted I(p: q).
This varies from 0 to infinity, and equals:
A value of 0 exhibits a total identity between both distributions.
If p and q are N nU ;l ,:E 1 ) and !(!2!2), respectively, then:
This measure can be used to calculate the information supplied by an experiment, by comparing the probability distribution conditional on the results of this experiment with the initial probability distribution (Kullback, 1968) . In our context, the initial probability distribution is the distribution f (u) of u, and the conditional distribution is the distribution g(ulii) of u conditional on X,Z,A and y, ie knowing u. The information depends on a particular y, and then on a particular a. We will restrict our interest to the mean information, given X,Z, and A, ie the information given the data design: The dispersion of the eigenvalues and therefore the dispersion of the criteria reflect the design unbalancedness (Chakrabarti, 1963 
Results
The rank of 0 is 2. Considering u as fixed, 10 constraints are needed in order to let the model have full rank. Seven animals have no performance and so must be set to 0, and we also have to set 3 other constraints (1 per herd). Then, rank (0) = rank(Z'MZ) = 12 -10 = 2. There are only 2 independent contrasts: u l -u 2 and u! -U 5 -
The complete system of constraints for a fixed u is Cu = 0, where:
The first 3 rows of C express the within-herd constraints; the other rows are the trivial constraints about the pedigree animals without performance. The corresponding built-in system of constraints for a random u from (32!, is C * u = CA-l u = 0 with:
The last 7 rows of C * are the mixed-model equations about the pedigree animals without performance. Two of the eigenvalues of e are 0.5; the others are null. PI (This illustrates the discussion in the section Disconnectedness, inestima6ility and information supply, the number of independent contrasts with positive CDs is greater than the rank of O.) Table II shows that comparison CDs are usually low.
The most precise comparisons are those between recorded animals in the same herd (1-2, 4-5). Similarly, for animals with no performance, the most precise comparisons are those between the animals with progeny recorder in the same herd (6-7, 9-10). (Coursol, 1980; Steinberg and Hunter, 1984) : maximization of p t and A-optimality (maximization of the trace of the coefficient matrix); and maximization of p 2 and D-optimality (maximization of the determinant of the coefficient matrix). The optimal design research methods could then be adapted to the context of genetic evaluation, with, however, one important restriction: the relative impossibility for the breeder to act on a design, which he can often modify only by some incitement to use more artificial insemination (AI). This is done for French beef cattle, within the framework of the natural service bull progeny test (Foulley and Sapa, 1982; Laloe et al, 1992 
